Cyanogenic glycosides are found in many native and naturalized plants throughout North America. The glycosides themselves are not toxic, but they yield hydrogen cyanide (hydrocyanic or prussic acid) when they are hydrolyzed by ␤-glycosidases, either as a result of injury to the plant cells or by microbial action in the rumen. Hydrogen cyanide is readily absorbed from the gastrointestinal tract. Cyanide ion binds with iron in cytochrome oxidase, interfering with cellular respiration. The clinical effects are peracute, often resulting in death less than 1 hour after ingestion. This study describes a case that resulted in significant morbidity and mortality in a herd of goats after exposure to California holly (Heteromeles arbutifolia).
Acute poisonings by plants containing cyanogenic glycosides are infrequently reported in goats. This is largely because of their browsing habits, which limit the amount of any 1 plant that is ingested. It is also likely that cases of acute death in goats are not evaluated and go undiagnosed. Goats have been used as experimental models for chronic cyanide ingestion; 10 therefore, their response to repeated subtoxic exposures has been well described. A clinical case of acute morbidity and mortality in a herd of goats after ingestion of Heteromeles arbutifolia is presented.
A backyard herd of 60 goats was maintained longterm on a diet consisting mostly of squash and cactus, and free access to a mineral block. In February 2002, after pruning what were believed to be olive trees, a neighbor donated the clippings that were subsequently fed to the goat herd. The clippings were later identified as H. arbutifolia. Within 4 hours of feeding, 3 animals died, and 7 were moribund. The affected animals were tachycardic and had marked jugular pulses. Mucous membranes were pale pink. No treatment was instituted in the affected, surviving goats. Field necropsies revealed multifocal hemorrhages in lungs and heart and congestion of the gastrointestinal tract. Kidney, lung, and liver were examined histologically from 3 animals. In addition, heart and abomasum were examined from 2 of 3 animals and small intestine from 1 of 3 animals. Histologically, the kidneys were congested in 2 of 3 animals, and the lungs were congested in 1 of 3 animals. The remainder of the tissues was otherwise normal except for small multifocal hemorrhages throughout the myocardium of 1 animal. Liver and rumen contents were submitted for toxicological analyses.
Total cyanide was determined by distillation. 3 Briefly, 2 grams of frozen liver, 2 g of rumen contents, and 1 g of frozen plant source material were each extracted From the California Animal Health and Food Safety Laboratory System-Toxicology Laboratory, University of California, Davis, CA 95616. by distillation in 100 ml of 12.5% sulfuric acid. a The total amount of cyanide, which was distilled and absorbed in 0.05 N sodium hydroxide solution, a was determined colorimetrically by reading the A578 nm of the color complex with piridine a -barbituric acid b solution using a spectrophotometer. c Total cyanide concentration in each sample was calculated based on sample weight extracted and was expressed in micrograms per gram (g/g). The rumen contents contained 27, 22, and 14 g/g of cyanide with a limit of detection of 1 g/g, and one liver contained 0.25 g/g of cyanide with a limit of detection of 0.20 g/g. Control bovine liver did not contain a detectable amount of cyanide. Spike recoveries for 0.2 g/g and 2.5 g/g cyanide in control bovine liver and 5 g/g cyanide in control bovine rumen contents were 88%, 88%, and 95%, respectively. Concentrations in tissues and body fluids from lethal exposures may be reduced to onethird of the initial values within 1 hour of death. 6 Therefore, any positive finding is significant. Additionally, the plant source material contained 345 g/g cyanide. Concentrations greater than 200 g/g of cyanide are considered significant. 6 Based on these findings, along with data from the history, physical examinations, and necropsy findings, a diagnosis of cyanide toxicosis was established.
Heteromeles arbutifolia is an evergreen shrub or tree native to California and Baja California. Bearing bright red fruits, it is widely planted as an ornamental and used during Christmas for decoration. 2 In its natural habitat, it occurs in chaparral, oak woodlands, and mixed-evergreen forests up to 1,300 m elevation. Some of its common names include toyon, tollon, Christmas berry, and California holly. The cyanogenic glycoside content of the plant 5 as well as its resultant toxicity to insects has been described previously. 4 The cyanogenic potential is highest in the newly developing leaves. Immature fruits also contain cyanogenic glycosides in the pulp. 5 As the fruit matures, these glycosides are shifted from the pulp to the seeds. Because of its evergreen nature, it is a distinct danger to livestock during the winter and spring, when its cyanogenic potential is high, and there is likely to be limited alternative forage. It is also a hazard, as this case discussion illustrates, when well-meaning caretakers feed its clippings.
In addition to the cyanogenic glycosides, both the leaves and fruits contain tannins. 5 Tannins are phenolic compounds in plants and have antinutritional effects by interfering with digestive enzymes. They cause irritation and erosion of the intestinal mucosa, with pseudomembranes sometimes found in the intestinal tract. Perirenal edema with pale, swollen kidneys are characteristic lesions. 11 Tannin levels in H. arbutifolia range from 5% in the spring to as high as 12% in the fall. 5 None of the goats necropsied had any lesions in the kidney or gastrointestinal tract other than congestion. Therefore, acute death in the goats could not be attributed to tannin exposure. Also, it has been demonstrated previously that goats do not exhibit toxic effects after consumption of tannin-rich leaves. 9 Cyanide is one of the quickest acting poisons. 8 Cyanogenic glycosides are hydrolyzed by ␤-glycosidases with the release of hydrogen cyanide. The glycosides are stored in vacuoles within plant tissues, whereas the hydrolytic enzymes are found in the cytosol. Damage to the plant from mastication, frost, drought, or trampling results in the combination of the enzymes with the glycosides, causing the formation of hydrogen cyanide. Additionally, rumen microorganisms produce the hydrolysis enzymes. Ruminants are therefore more susceptible to the toxic effects of cyanide than monogastric animals.
Hydrogen cyanide is absorbed readily from the gastrointestinal tract and enters individual cells. It acts at the cellular level by inhibiting mitochondrial oxidation-reduction reactions, disrupting cellular respiration. Specifically, it binds to cytochrome oxidase, the terminal step in electron transport necessary for cellular respiration and adenosine triphosphate production. Adenosine triphosphate formation is impaired, and tissues become depleted of energy. The effects are most noticeable in cells with a high metabolic rate and demand for oxygen, namely neurons and cardiac myocytes. These cells share the property of conduction of electrical impulses, and their dependence on aerobic respiration emphasizes the high metabolic demand associated with the maintenance and repetitive reinstitution of ion gradients. Thus, the earliest signs after cyanide exposure are due to dysfunction in neurons and in the myocardium. This is manifested most commonly as collapse. Hypotension and tachycardia may be observed. Further damage to neurons arises secondary to systemic hypoxia and ischemia. Dyspnea also may be observed as the respiratory musculature becomes affected. 1 The animals affected in this herd were depressed, tachycardic, and had marked jugular pulses. The goats that died collapsed shortly before death. These findings are consistent with acute cyanide exposure.
Cyanide is readily detoxified, so acute toxicity occurs only if detoxification reactions are exceeded. This may account for the uneventful recoveries of the surviving goats. Rhodanese, a mitochondrial enzyme found in animal tissues, converts cyanide to the far less toxic metabolite thiocyanate, which is excreted in urine. 7 Cyanide also is detoxified by binding to methemoglobin. These detoxification mechanisms are used to advantage in the treatment of cyanide poisoning. An agent like sodium nitrite is injected intravenously to induce a methemoglobinemia. Methemoglobin has a higher affinity for cyanide than cytochrome oxidase does and will bind cyanide forming cyanmethemoglobin, reducing the amount available to bind with cytochrome oxidase. Sodium thiosulfate is given along with sodium nitrite. The sulfur in thiosulfate reacts with the newly formed cyanmethemoglobin to form hydrogen thiocyanate, which is excreted in urine. Thiosulfate given orally also will detoxify cyanide in the rumen contents. As mentioned previously, treatment of the affected goats was not attempted other than to limit further exposure.
Diagnosis of cyanide toxicosis is often based on a history of exposure and clinical signs, when observed. Confirmatory analyses can be performed on plant source material, gastrointestinal contents, liver, and skeletal muscle. Because hydrogen cyanide is volatile, samples must be collected soon after exposure and should be stored in airtight containers and frozen immediately to Ϫ20 C until analyses can be performed. Because the liver decomposes rapidly, samples must be taken within 4 hours of death. 12 Although levels of hydrogen cyanide are generally lower in skeletal muscle than in liver, muscle retains cyanide for a longer period after death. Therefore, if liver samples are not taken within 4 hours of death, it is also recommended to collect skeletal muscle samples for analysis. Gastrointestinal samples and plant source material should be collected in all suspect cases. Field necropsies were performed within a few hours of death in this case. Samples were sent to the diagnostic laboratory in sealed containers after freezing. Positive findings of cyanide in these tissues help establish a definitive diagnosis. Because of the volatility of hydrogen cyanide in biological samples, ''toxic'' thresholds are not established. Any positive results may be significant and must be interpreted in light of other pathological and clinical findings. Because the samples were promptly collected and frozen after death, we were able to detect cyanide in the rumen contents and in 1 liver.
Although it has been long recognized that H. arbutifolia contains cyanogenic glycosides, this is the first published report, to the best of our knowledge, of acute mortality in goats after its ingestion. Cyanide toxicosis should be included on the list of diagnostic differentials of cases involving acute death in goats where this plant may be available, including most of California and Mexico, and in Hawaii where it is cultivated.
Simple capillary electrophoretic determination of soluble oxalate and nitrate in forage grasses
Shigeru Miyazaki, Noriko Yamanaka, Keerthi Siri Guruge Abstract. A simple capillary electrophoretic method is described for the simultaneous determination of soluble oxalate and nitrate in forage grasses. Grass samples were ground and extracted with water. The extracts were filtered and submitted to capillary electrophoresis. Electrophoresis was performed in a 75 m ϫ 50 cm fused silica capillary with 30 mM sodium sulfate containing an electroosmotic flow modifier under constant voltage at Ϫ8 kV. Separated oxalate and nitrate were detected with direct UV absorption at 214 nm. The present method can be used for routine monitoring of the concentration of soluble oxalate and nitrate in grasses.
Soluble salts of oxalic acid, including sodium, potassium, ammonium, and acid potassium oxalate, are found in many weeds and grasses. These include Rumex spp., Oxalis spp., setaria (Setaria sphacelata), guinea grass (Panicum maximum), buffel grass (Cenchrus ciliaris), pangola grass (Digitaria decumbens), and kikuyu grass (Pennisetum clandestinum). The soluble oxalate concentration in these plants is sufficient From the Toxico-Biochemistry Section, National Institute of Animal Health, 3-1-5 Kannondai, Tsukuba, Ibaraki 305-0856, Japan.
to induce oxalate poisoning in grazing animals. 4 Oxalate reacts with calcium to produce insoluble calcium oxalate, inducing an acute syndrome with hypocalcemia soon after high intake of oxalate. Continuous feeding of oxalates in the diet can lead to nephrosis because of precipitation of calcium oxalate crystals in the lumen of the renal tubles. 15 Hypocalcemia induces mobilization of bone mineral. Prolonged mobilization of bone mineral results in nutritional secondary hyperparathyroidism, or osteodystrophy fibrosa, in the horse. 6 As for ruminants, oxalate is readily metabo-
